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PHAN MO PAU

1. Ly do chon d@ tai

(1). Xudt phdt tir yéu cau phdt trién phdam chit va ning luc nguoi
hoc trong Chwong trinh gido duc phé thong 2018

Trong bdi canh ddi méi can ban, toan dién gido duc va dao tao,
Chuong trinh giao duc phd thong (CT GDPT) 2018 xé4c dinh phat trién
pham chat (PC) va niang luc (NL) nguoi hoc 1a muyc tiéu ¢t 16i. Theo
dinh hudong @6, GD STEM dugc xem 1a mot hudng tiép can quan trong
nham t6 chirc cho ngudi hoc huy dong va tich hop kién thuc, ki ning
tir cac linh vuc khoa hoc, cong nghé, k¥ thuat va toan hoc dé giai quyét
cac van dé gan voi thyc tién, qua d6 gop phan phat trién tu duy khoa
hoc, tu duy thiét ké k¥ thuat va NL giai quyét van dé. Cac van ban chi
dao ctua B Gido duc va Pao tao trong nhitng ndm gén day da thé hién
13 yéu cau trién khai GD STEM trong nha trudng phd thong, dic biét ¢
cép tiéu hoc, dit ra yéu cau méi dbi voi niang luc day hoc (NLDH)
STEM cua giao vién (GV).

(2). Xudt phdt tir vai tro ciia cic CD Sinh hoc trong phit trién NL
khoa hoc cho HS tiéu hoc

Trong CT GD tiéu hoc, cac mach noi dung Sinh hoc dugc trién khai
xuyén sudt tir 16p 1 dén 16p 5 thong qua cac moén Ty nhién va X3 hoi
(TN&XH), Khoa hoc. Pay 12 mang noi dung c6 nhiéu diéu kién thuan
loi dé td chirc cac hoat dong quan sat, thyc hanh, thi nghiém va trai
nghiém — nhitng dic trung cdt 16i cia day hoc (DH) theo dinh huéng
GD STEM. Khi duoc t6 chirc phu hop, cac chi d& (CP) Sinh hoc cho
phép tich hop ty nhién cac thanh t6 khoa hoc, cong nghé, ky thuat va
toan hoc, gop phan phat trién NL khoa hoc cho hoc sinh (HS) tiéu hoc.
Tuy nhién, viéc to chitc DH STEM ddi v6i cac CP nay doi hoi GV phai
¢6 NL phan tich ndi dung, thiét ké hoat dong hoc tap tich hop va td chuc
qué trinh DH theo dinh huéng phat trién NL.

(3) Xuidt phdt tir thuwe trang dao tao sinh vién (SV) nganh GD Tiéu
hoc lién quan dén NLDH STEM

Tur goc do dao tao GV, trong cac CT dao tao hién hanh danh cho
sinh vién (SV) nganh GD Tiéu hoc, ndi dung GD STEM chii yéu duoc
10ng ghép hodc trién khai phan tan, chua hinh thanh mét cau trac va quy
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trinh phat trién NLDH STEM r& rang, dic biét di v6i cac CD Sinh hoc.
Trong khi d6, cac nghién ctru hién nay con thiéu nhitng cong trinh di
sdu vao phét trien NLDH STEM cho SV nganh GD tiéu hoc tir goc do
Iy luan va PPDH bo mon.

Xut phat tir nhimg yéu cau trén, dé tai “Phdt trién cho sinh vién nang
lwe day hoc STEM cdc chii dé Sinh hoc & cdp tiéu hoc” duge Iya chon nham
xac dinh cu traic NLDH STEM, dé xuét quy trinh va cac bién phéap phat
trién NL ndy cho SV nganh GD Tiéu hoc, gop phan dap timg yéu cau d6i méi
GD phé théng va dao tao GV trong bdi canh hién nay.

2. Muc dich nghién ciru

Xay dung khung NLDH STEM cua SV nganh GD Tiéu hoc. Tir do,
dé xut quy trinh DH va céc bién phap phat trién cho SV NLDH STEM
thong qua cac CD c6 ndi dung sinh hoc trong mon TN & XH va moén
Khoa hoc & cép tiéu hoc.

3. Gia thuyét khoa hoc

Néu xay dung dugc khung NLDH STEM ciia SV nganh GD Tiéu hoc;
dé xuat dugc quy trinh va cac bién phéap phat trién NLDH STEM thong
qua cac CB sinh hoc & cép tiéu hoc; dé)ng thoi van dung ching mét cach
hop 1y trong DH c4c hoc phan thude nhém hoc phan Ly luan va PPDH TN
& XH thi s& gop phan phit trién dugc NLDH STEM cho SV.

4. Pbi twong va khach thé nghién ciru

Déi twong nghién ciru:

- Khung NLDH STEM ctia SV nganh GD Tiéu hoc

- Quy trinh DH phat trién NLDH STEM cho SV nganh GD Tiéu hoc.

- Céc bién phap phat trién NLDH STEM cho SV nganh GD Tiéu hoc
thong qua cac CP ¢ ndi dung sinh hoc & cip tiéu hoc.

Khdch thé nghién ciru: khach thé nghién ciru ciia dé tai 1a qué trinh
dao tao SV nganh GD Tiéu hoc theo dinh huéng phat trién NLDH
STEM tai cac co sé dao tao GV.

5. Nhiém vu nghién ctru

- Nghién ctru co so li luan vé: NL, NLDH va NLDH STEM; GD
STEM, GD STEM ¢ pho thong; dic diém DH cac mon hoc c6 ndi dung



sinh hoc & cép tiéu hoc. Trén co s& do, xay dung co s& ly luan vé NLDH
STEM ctia SV nganh GD Tiéu hoc.

- biéu tra, phan tich thuc trang viéc phat trién NLDH STEM cho SV
nganh GD Tiéu hoc trong qua trinh dao tao.

- Xay dung khai niém va khung NLDH STEM ctia SV nganh GD
Tiéu hoc trong DH cac chu dé co nodi dung sinh hoc & cép tiéu hoc.

- P& xuét quy trinh DH va cac bién phap phat trién NLDH STEM
cho SV nganh GD Tiéu hoc trong DH mot s6 hoc phﬁn thudc nhéom hoc
phan Ly luan & PPDH TN & XH.

- Xay dung tai liéu ty hoc va thiét ké mé - dun DH nhiam hd trg phat
trién NLDH STEM cho SV nganh GD Tiéu hoc.

- Tién hanh TNSP dé kiém chung gia thuyét khoa hoc va PG tinh
kha thi, hiéu qué cta quy trinh DH va céc bién phap di dé xuét.

6. Phuwong phap nghién ciru

Luén an sir dung 05 phuong phap nghién ctru nhu sau:

- Phuong phép nghién ctru 1y thuyét

- Phuong phéap nghién ctru thuc tién

- Phuwong phép tham véan chuyén gia

- Phuong phap thuc nghiém su pham

- Phuong phap thdng ké toan hoc

7. Pham vi nghién ciru

Trong khuén khé cua luan 4n, nghién ctru tip trung vao viéc phat
trién NLDH STEM cho SV nganh GD Tiéu hoc théng qua cac CB ¢
ndi dung sinh hoc & cép tiéu hoc, dugc trién khai trong DH cac hoc phﬁn
thuéc nhom Ly luan va PPDH TN & XH, gébm: PPDH TN & XH; T
chure hoat dong tim hiéu CP thuc vat va dong vat o tiéu hoc.

Diéu tra khao sat thuc trang duoc tién hanh tai 07 co s& dao tao GV
tiéu hoc, gdm: DHSP Ha Noi 2, PHSP, DH Hué, DPHSP — PH Pa Ning,
DHSP TP. H6 Chi Minh, PH Sai Gon, PH Phti Yén, PH Can Tho va
cac truong tiéu hoc thudc 15 tinh thanh trong khu vuc mién Trung, Viét
Nam (theo cach phén chia hanh chinh cii).

TNSP duoc trién khai d6i v6i SV nam thir ba va nam thir tw nganh
GD Tiéu hoc tai 03 co sé dao tao GV, gém: PHSP - PH Hué, PH Sai
Gon va Trudng Su pham - PH Can Tho.
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8. Nhirng déng gép méi ciia dé tai

- Hé thong hoa va l1am rd co so 1y luan vé NL, NLDH va NLDH
STEM; GD STEM o phé thong; DH cac mon TN & XH va moén Khoa
hoc & cép tiéu hoc, qua do6 xay dung co sé ly luan vé phat trién NLDH
STEM cho SV nganh GD Tiéu hoc théng qua cac chu d& c6 ndi dung
sinh hoc.

- Phéan tich va lam rd thyc trang phat trién NLDH STEM cho SV
nganh GD Tiéu hoc thong qua cic CD ¢6 noi dung sinh hoc & cép tiéu
hoc tai mét sb co s& dao tao GV.

- Xay dung dugc khai niém va khung NLDH STEM cuta SV nganh
GD Tiéu hoc trong DH cac CP c6 ndi dung sinh hoc ¢ cép tiéu hoc, 1am
co s6 cho viéc té chirc DH va PG NLDH STEM cua SV.

- Xay dung duoc hé théng tiéu chi, chi bao va cong cu PG NLDH
STEM ciia SV nganh GD Tiéu hoc trong DH cac CP ¢6 noi dung sinh
hoc & ce”ip tiéu hoc.

- Xay dung dugc quy trinh DH va dé xuat dugc 03 bién phap phat
trién NLDH STEM cho SV nganh GD Tiéu hoc thong qua DH cac hoc
phan thuéc nhom Ly luan va PPDH TN & XH, gém: (1) van dung md
hinh DH dua trén tinh huéng; (2) van dung mo hinh hoc tap trai nghiém;
(3) van dung DH trng dung cong nghé.

- Thiét ké dwgc m6 - dun DH va hé théng hoc liéu hd trg phat trién
NLDH STEM cho SV nganh GD Tiéu hoc trong qua trinh dao tao.

- Kiém ching dugc tinh kha thi va hidu qua cta quy trinh DH va céc
bién phap da dé xuit thong qua TNSP.

9. CAu tric cia luin an

Ngoai cac phin m& dau, két luan va kién nghi, danh muc tai liéu
tham khao va phu luc, noi dung chinh cua luén 4n gdm 3 chuong:

Chuong 1: Co s& li luan va thuc tién cta viéc phat trién cho SV
NLDH STEM cac CD Sinh hoc & cép tiéu hoc

Chuong 2: Quy trinh va bién phap phét trién cho SV NLDH STEM céac
CDb Sinh hoc & cép tiéu hoc

Chuong 3: Thuc nghiém su pham



PHAN NOQI DUNG

CHUONG 1. CO SO LY LUAN VA THUC TIEN CUA VIEC

PHAT TRIEN CHO SINH VIEN NANG LUC DAY HQC STEM
CAC CHU PE SINH HQC O CAP TIEU HQC

1.1. Tong quan van dé nghién ctru

1.1.1. Lwgc sir nghién ciru vé GD STEM

Trén thé gioi, GD STEM hinh thanh tir nhu cau nang cao NL khoa
hoc va toan hoc, sau dé phat trién thanh mo hinh GD tich hop da linh
vure, giit vai trd quan trong trong phat trién tu duy sang tao va NL giai
quyét van dé cua ngudi hoc. O Viét Nam, GD STEM duoc trién khai tir
cac hoat dong thir nghiém ban dau dén giai doan dugc chi dao va ting
budc thé ché hoa trong CT GDPT 2018. Céc nghién clru trong va ngoai
nude déu khang dinh vai tro cia GD STEM trong d6i méi GD theo dinh
hudng phét trién NL, song viéc nghién ctru sau vé to chiee DH STEM
phtt hop véi bdi canh GD tiéu hoc va dao tao GV van can dugc tiép tuc
quan tam.

1.1.2. Lwgc sir nghién civu vé ning luc day hoc

Céc nghién ciru trong va ngoai nudc vé NLDH déu théng nhét tiép
can NLDH nhu mét ciu tric da thanh tb, chiu su chi phéi cua tri thirc
chuyén mén, NL su pham theo ndi dung, thai d6 nghé nghiép va bbi
canh thyc hanh. Trén co s& d6, nhiéu khung NL va mo hinh phat trién
NLDH da duogc xay dung va van dung trong dao tao, boi dudng GV,
trong d6 xuét hién cac hudng tiép can chuyén biét nham dép tng yéu
cAu d6i méi GD, bao gém day hoc theo dinh huong GD STEM. Nhitng
két qua nghién ctru nay tao nén tang 1y luan quan trong cho viéc tiép tuc
nghién ciru, xdy dyng va phat trién cac khung NLDH STEM trong dio
tao GV hién nay.

1.1.3. Lwgc siv nghién civu vé nang luc day hoc STEM

Céc nghién ciru trong va ngoai nuéc vé NLDH STEM cho thdy su
thdng nhat trong viéc tiép can NLDH nhu mét cu trac tich hop giita
kién thire chuyén moén, k§ ning su pham va thai do nghé nghiép cua
GV. Trén co s¢ d6, nhiéu khung NL va mé hinh phét trién NLDH STEM
dd dugc d& xuat, song phan 16n tip trung vao GV trung hoc hoic SV
c4c nganh su pham bd mon, ddng thdi con thién vé mo ta hoic tiép can
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ting khia canh riéng 1¢ cia DH STEM. Hién nay, van thiéu vang mot
khung NLDH STEM toan di¢n, phu hop véi dédc thu dao tao SV nganh
GD Tiéu hoc. Khoang tréng nay dit ra yéu cau tiép tuc nghién ctru nham
bd sung va hoan thién co so 1y ludn vé NLDH STEM trong béi canh
ddo tao GV tiéu hoc hién nay.

1.2. Co s6'1y ludn ciia van dé nghién ciru

1.2.1. Ning luc day hoc STEM

1.2.1.1. Nang luyc

bé phan anh chinh x4c hon véi thuc tién GD Viét Nam, chung t6i
sir dung khai niém NL theo CT GDPT tong thé 2018. Theo d6, NL la
thudc tinh ca nhan dugc hinh thanh, phat trién nho td chét sin c6 va qua
trinh hoc tap, rén luyén, cho phép con nguoi huy dong tong hop cac
kién thirc, k¥ nang va cac thudc tinh c4 nhan khac nhu hing thd, niém
tin, ¥ chi... thuc hién thanh cong mot loai hoat dong nhét dinh, dat két
qua mong mudn trong nhitng diéu kién cuy thé.

1.2.1.2. Nang lyc day hoc

Trén co s6 tiép can chuan nghé nghiép va dic thu cap hoc, trong luan
an nay, NLDH ciia SV nganh GD Tiéu hoc duoc hiéu la kha nang ciia
SV trong viéc huy dong va van dung tong hop kién thirc chuyén mén,
kién thirc sw pham, ky ndng t6 chirc DH va thdi dd nghé nghiép dé thiét
ké, t6 chire, thuc hién va PG hoat dong DH o cdb tiéu hoc theo dinh
hwéng phat trién PC va NL, phit hop véi ddc diém HS va boi canh GD,
ddp vng yéu cau CT GDPT, Quan niém nay 1a co sé 1y luan dé x4c dinh
va phat trién NLDH STEM cho SV nganh GD Tiéu hoc trong cac ndi
dung tiép theo cua ludn an.

1.2.1.3. Nang lwc day hoc STEM va yéu cau doi véi SV nganh GD
Tiéu hoc

Trén co so ké thira cac quan niém vé DH STEM, NLDH, NLDH
STEM va cac nghién ciru lién quan, dong thoi sir dung phuong phap
chuyén gia dé xin y kién DG, thim dinh vé noi ham cua NLDH STEM
trong dao tao SV nganh GD Tiéu hoc, chung t6i dé xuat khéai niém nhu
sau: NLDH STEM ciia SV nganh GD Tiéu hoc la kha ndng huy dong va
vén dung tich hop kién thirc chuyén mén, kién thire s pham va kién
thitc vé GD STEM dé thiét ké KHDH, t6 chirc hoat dong DH va PG
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trong qud trinh trién khai cac CB/ BH STEM phix hop véi ddic diém cia
HS tiéu hoc va dinh hwéng phdt trién PC, NL trong CT GDPT.

(Trong d6 GD STEM duoc xem 1 cach tiép can GD tich hop lién mén giita
khoa hoc, cong nghé, ki thudt va toan hoc, dugc to chirc thong qua cac tinh
hudng, van dé thuc tién phi hop véi Itra tudi tiéu hoc, nham phat trién & HS
NL giai quyét van dé, tu duy khoa hoc - ki thuat, kha nang van dung kién thirc
vao thyc tién, cing véi cac PC va NL cbt 15i theo yéu cau ciia CT GDPT.)

Tir khai niém NLDH STEM, luan 4n tiép can khai niém phat trién
NLDH STEM lam co s& nghién ctru. Theo d6, phdt trién NLDH STEM
cho SV nganh GD Tiéu hoc la qud trinh hinh thanh, hoan thién va ning
cao khad nang thiét ké KHDH, t6 chirc hoat dong DH va PG trong qua
trinh trién khai céc CP/ BH STEM & ccfp tiéu hoc trén co sé van dung
tong hop kién thirc chuyén mon, kién thirc s pham, hiéu biét vé GD
STEM va trdi nghiém thuc hanh nghé nghiép.

1.2.2. Mjt s6 mé hinh day hoc phdt trién néing luc day hoc STEM

- Day hoc dua trén van dé va day hoc dua trén tinh huéng trong
phat trién NLDH STEM

- Day hoc theo mo hinh hoc tap trai nghiém

- Day hoc ung dung cong nghé

1.2.3. Sw phit hop ciia cic CP sinh hoc trong phit trién NLDH
STEM cho SV nganh GD Tiéu hoc

Trén co so tong quan cac md hinh DH phat trién NLDH STEM, ¢6
thé thdy hiéu qua phat trién NL nay cho SV phu thudc khong chi vao
mo hinh va quy trinh t6 chirc DH ma con vao bdi canh ndi dung duoc
lya chon. Trong GD STEM & tiéu hoc, cac CP Sinh hoc ¢6 1¢i thé ndi
bat do gin voi sinh giéi va mdi trudng sdng gan giii, phu hop voi dic
diém nhan thtc cia HS va dinh huéng phat trién NL cia CT GDPT
2018. Cac mach ndi dung Sinh hoc chiém ti trong 16n trong mén
TN&XH, Khoa hoc, ddng thoi ¢6 tiém ning tich hop lién mén, thuan
loi cho viée t6 chirc cac hoat dong trai nghiém, thuc hanh va giai quyét
vén dé theo dinh hudng STEM. Vi vy, viéc lua chon cac CP Sinh hoc
& tiéu hoc 1am béi canh phat trién NLDH STEM cho SV nganh GD Tiéu
hoc ¢6 co sd khoa hoc, su pham va dao tao GV viing chéc.



1.2.4. Co 56 phdp Iy ciia vigc phdt trien NLDH STEM cho SV
nganh GD Tiéu hoc

Heé théng chu truong, chinh sach va vian ban phép 1y ctia Pang, Nha
nude va Bo GD&DT da hinh thanh nén tang phap 1y viing chic cho viéc
phat trién NLDH STEM trong dao tao GV tiéu hoc. Cac nghi quyét, chi
thi v& d6i moi GD va chuyén dbi s6 khang dinh yéu cau DH theo dinh
huong phit trién PC, NL, tich hop lién mon va gin véi thue tién. Chuan
nghé nghlep GV va CT GDPT 2018 cy thé hoa nhu’ng yéu cau nay thanh
cac chuan myc va muc tiéu chuyén mén ma GV tiéu hoc can dat. Cac
van ban huéng dan trién khai GD STEM ¢ tiéu hoc di chuyén dinh
hudng chinh sach thanh yéu cau thyc tién trong nha truong. Do d6, phat
trién NLDH STEM cho SV nganh GD Tiéu hoc 14 yéu cau khach quan,
cép thiét va phu hop v6i dinh hudng d6i moi GD hién nay.

1.3. Co s6 thue tién ciia van dé nghién ciru

- V& CT dao tao: CT dao tao nganh GD Tiéu hoc d3 tao lap nhiing
diéu kién nén tang cho viéc phét trién NLDH STEM ctia SV thong qua
nhiéu nhém hoc phan, trong d6 cac hoc phan PPDH TN&XH giir vai
tro trung tdm. Tuy nhién, cac phan tich CT méi chi phan 4nh tiém ning
tich hgp, chua lam rd mic d¢ hinh thanh NLDH STEM cua SV trén
thuc té.

- V& GV tiéu hoc: Két qua nghién ciru cho thidy mirc d sin sang
thuc hién GD STEM c6 tuong quan manh véi hiéu biét vé GD STEM
va k¥ ning thyc hanh DH STEM. Do d6, CT dao tao GV cén tap trung
phat trién déng bd NL nhan thue, thiét ké KHDH, t6 chitc DH, PG va
NL tu chi nghé nghiép caa SV.

- V& SV nganh GD Tiéu hoc: Két qua khao sat cho thdy NLDH
STEM cua SV nganh GD Tiéu hoc méi hinh thanh & muc d6 ban dau.
NL nhén thitc chung vé GD STEM con mang tinh khai quat, thiéu hé
thong; NL thiét ké va t6 chirce DH CB/BH STEM con han ché do it co
héi thue hanh doc 1ap va trai nghiém su pham thuc té. Dic biét, NL BG
trong DH STEM la thanh t& yéu nhat, thé hién qua kho khian trong thiét
ké cong cu, str dung két qua DG va tw PG KHDH. Nhiing két qua nay
cho thiy con ton tai khoang cach dang ké giita NLDH STEM hién c6
ctia SV va yéu cau trién khai GD STEM trong thuc tién DH tiéu hoc.
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- Vé GgV dang giang day nganh GD Tiéu hoc: Két qua khao sat cho
thidy GgV nhan thic 16 vé tim quan trong cta viéc phat trién NLDH
STEM cho SV va d trién khai cac hinh thirc DH hd tro phu hop. Tuy
nhién, mirc d phat trién NLDH STEM gitra cac co s¢ dao tao con thiéu
dong bo, trong khi SV van gip nhiéu khé khin vé tai liéu ciing nhu
trong thiét ké, to chirc va PG DH STEM. Do d6, viéc xay dung khung
NLDH STEM cling quy trinh va cac bién phap hd tro phu hop 1a yéu
cau cap thiét.

Két qua khdo sat thuc trang tir cac ddi tuwong lién quan, bao gém CT
ddo tao, GV tiéu hoc, SV nganh GD Tiéu hoc va GgV su pham, da phan
anh dugc thyc trang phat trién NLDH STEM cho SV hién nay. Cac két
quéa cho thdy mic du da c6 nhitng diéu kién va tién dé nhat dinh cho
viéc hinh thanh NLDH STEM trong dao tao GV tiéu hoc, song qua trinh
nay con thiéu mot khung dinh hudng va 16 trinh thng nhét, dan dén su
khac biét vé co hoi va mirc do rén luyén NL ciia SV. Day chinh 1a biéu
hién ctia khoang trong can duoc tiép can va giai quyét mot cach co hé
thdng trong dio tao ban dau.

Tir nhitng co s& 1y ludn va thuc tién da duoc xac lap, c6 thé khang
dinh ring viéc xdy dung khung NLDH STEM cho SV nganh GD Tiéu
hoc, gin véi cac CP Sinh hoc & cép tiéu hoc, cung vé6i viée dé xuit quy
trinh va cac bién phap phat trién NL nay trong CT dao tao 13 yéu cau tat
yéu va ¢ co s¢ khoa hoc. Pay ciing chinh 12 ndi dung trong tim duoc
ludn 4n tiép tuc trién khai va cu thé hoa trong Chuong 2 va Chuong 3.



CHUONG 2. QUY TRINH DAY HQC VA BIEN PHAP
PHAT TRIEN CHO SINH VIEN NANG LUC DAY HQC STEM
CAC CHU PE SINH HQC O CAP TIEU HQC

2.1. X4y dung khung NLDH STEM ciia SV nganh GD Tiéu hoc

Viée xay dung khung NLDH STEM cua SV nganh GD Tiéu hoc
duoc thuc hién theo 06 nguyén tac sau:

- Pam bao muc tiéu dao tao va chuin dau ra cta CT dao tao

- Pam bao tinh dinh huéng NLDH STEM theo tiép can tich hop

- Pam bao phu hop v6i dbi tuong va giai doan hinh thanh NL cua
SV nganh GD Tiéu hoc

- Pam bao tinh hé thong va logic noi tai ciia khung NL

- Pam bao tinh gin két giita co s 1y ludn va co sé thyc tién

- Pam bao tinh do ludng va kha ning kiém ching

Trén co sé cac nguyén tic da xac 14p, viée xay dung khung NLDH STEM
cho SV nganh GD Tiéu hoc dugc trién khai theo mot quy trinh gé)m 06 budc,
co hé théng, nham bao dam su nhét quan giita co s 1y luan, yéu cau thuc
tién va kha ning van dung trong dao tao va nghién ctru. Cu thé: (1). Phan
tich yéu cdu vé NLDH STEM trong CT dao tao GV tiéu hoc; (2). Tham khéo
va phan tich cac khung NLDH STEM trong va ngoai nudc; (3). Xay dung
khung NLDH STEM so by; (4). Tham van chuyén gia va khao sat thuc tién
dé hi¢u chinh khung NL; (5). Chuan hoéa cac biéu hién, chi bao va murc do
déanh gia NL; (6). Thtr nghiém va hoan thi¢n khung NLDH STEM.

Trén co s& nghién ctru vé GD STEM, NLDH va cac khung NLDH
STEM, dong thoi cin cir vao co s6 phap 1y da xac 1ap, ching toi dé xuét
khung NLDH STEM cho SV nganh GD Tiéu hoc gom 04 NL thanh
phan: (A) NL nhan thirc chung vé GD STEM; (B) NL thiét ké KHDH
CP/BH STEM; (C) NL t6 chirc DH CB/BH STEM; va (D) NL BG
trong DH CB/BH STEM & cap tiéu hoc.

Céc tiéu chi ciia timg thanh phan NL dugc mé ta theo 04 muc do
biéu hién: Dbi v6i nhom NL nhén thirc (A), nghién ctru ké thira dinh
huéng phan bac nhan thirc trong mo hinh Bloom. Ddi véi nhom NL ¢6
tinh chat van dung va thao tic nghé nghiép (B, C, D) chiing t6i van dung
mo hinh phat trién KN ciia Dreyfus.
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Bang 2.1. Khung NLDH STEM ciia SV nganh GD Tiéu hoc

Nang lue Cic tiéu chi
thanh phan (16)
“)
Al. Nhan thirc co s¢ 1y luan va dinh huéng GD STEM trong
| CT GDPT cép tiéu hoc
A. NL nhén = Y p
, » | A2. Nhan thtc vé cdc PPDH, KTDH tich cuc trong DH Cb/
thie chung Ve |y grEM ¢ cép tiéu ho
GD STEM P '

& cap tieu hoc

A3. Nhan thtic vé DG trong DH CB/ BH STEM & cép tiéu hoc

A4. Nhan thirc vé nguyén tic, quy trinh xay dung va thiét ké
KHDH CP/ BH STEM trong CT GDPT cip Tiéu hoc.

B. NL thiét ké
KHDH Cb/
BH STEM ¢
cap tiéu hoc.

B1. Xéc dinh van dé thyc tién va bdi canh hoc tap co tiém nang
tich hop GD STEM

B2. Xac dinh muc ti€u cia CB/ BH STEM theo dinh hudng
phat trién phém chit va NL HS, gén véi cac thanh t6 S, T, E, M

B3. Xac dinh ndi dung va chudi hoat dong DH CD/ BH STEM
theo tién trinh su pham

B4. X4y dyng khung KHDH CP/ BH STEM

B5. Thiét ké chudi hoat dong hoc tap cu thé va san phém hoc
tap du kién.

C. NL td chirc

C1. Xac lap va quan 1y bbi canh hoc tap STEM

DH OB Bl I Bidu phé tién trinh ho tap khdm ph - thidt ké - ché
STEM & cp . Biéu phdi tién trinh hoc tap kham pha - thiét ké - ché tao
tiéu hoc C3. Té chtrc hoat ddng hop tac, giao tiép va phan bién khoa hoc
C4. Hb trg HS tu duy sang tao va ra quyét dinh
D1. Thiét ké cac cong cu PG HS trong DH CB/ BH STEM ¢
D. NL DG | chp tiéu hoc
trong trién ;
khai DH CP/ | D2- Str dung céc cong cu DG HS qua DH CB/ BH STEM ¢ cap
BH STEM & | tiéuhoc, xir li s6 lidu thu dugc va phan hoi

cép tiéu hoc

D3. Ty PG, diéu chinh KHDH va qua trinh t6 chirc DH CB/
BH STEM ¢ cip tiéu hoc.
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2.2. Xiy dung quy trinh DH phat trién cho SV NLDH STEM cic
CP sinh hoc & cép tiéu hoc

Pha 1 - Xéc |ap ¢ s& va cau tric trién khai DH Pha 2- Té chiic DH phét trién cho SV NLDH

phét trién cho SV NLDH STEM
/ ‘ 0\ (4 N\
Giai doan 1.1. Phan tich cd s& va béi Giai doan 2.1. Phat trién cho SV tifng
canh phat trién NLDH STEM thanh t6 cia NLDH STEM vdi sy
I hudng dén cta GgV

Budc 1. Tim hiéu vé NLDH STEM
va xac dinh hoc phan cé thé long Budc 1. Phat trién NL nhén thic
ghép ndi dung DH phat trién chung vé GD STEM & cap Tiéu hoc
NLDH STEM.

v

L Budc 2. DG NLDH STEM hién c6

CB/ BH STEM va mét phan NL DG
trong trién khai DH CD/ BH STEM &

RS - Pl
ctia déi tugng can phat trién NL cap tiéu hoc

Budc 2. Phat trién NL thiét ké KHDHJ

I

Giai doan 1.2, Thiét ké cau truc DH
phat trién NLDH STEM

Budc 3. Lva chon dadn vi kién thic

pht hgp dé 1dng ghép ndi dung

phat trién NLDH STEM trong hoc
phan vé PPDH TN& XH

v

Budc 4. Xay dung mé — dun DH
phat trién NLDH STEM

CB/ BH STEM va phan con lai cia
NL DG trong trién khai DH CB/ BH
STEM & cap tiéu hoc

Budc 3. Phat trién NL t6 chitc DH J

Giai doan 2.2, SV ty luyén tap phéi
hgp céc thanh t6 ciia NLDH STEM

N 5
J

( Danh gia va digu chinh )
Hinh 2.1. Quy trinh DH phit trién cho SV NLDH STEM

Viéc xdy dyng quy trinh DH phét trién cho SV NLDH STEM céc
CD Sinh hoc & cép tiéu hoc dugce thuc hién theo 05 nguyén tac sau:

- Bam bao tinh dinh hudng theo CT dao tao va khung NLDH STEM
ctia SV nganh GD Tiéu hoc

- Pam béo tinh phu hop véi dic diém va murc d6 phat trién NLDH
STEM cua SV nganh GD Tiéu hoc

- Bam bao phat trién tinh chu dong va NL ty diéu chinh cta SV

- Dam bao theo ddi va DG tién trinh phét trién NLDH STEM cuia SV

- Pam bao tinh hop 1y va linh hoat trong t6 chirc hoat dong DH phat
trién NLDH STEM
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V6i cac nguyén tic trén, quy trinh DH phat trién cho SV NLDH
STEM cac CP Sinh hoc & cép tiéu hoc duoc dé xuét vai 2 pha: Pha 1 -
Xac lap co s6 va cau trac trién khai DH phét trién cho SV NLDH STEM
cac CD Sinh hoc & cép tiéu hoc; Pha 2- T chic DH phat trién cho SV
NLDH STEM cac CB Sinh hoc ¢ cép tiéu hoc.

2.3. Bién phap phat trién cho SV NLDH STEM cac CP Sinh hoc
6 cap tiéu hoc

2 3.1. Bién phap 1 — Van dung DH dua trén tinh huéng

Bién phap van dung m6 hinh DH DTTH duoc trién khai theo hudng
tinh gon, tap trung to chirc cho SV phan tich, phan doan va PG cac tinh
hudng su pham dién hinh trong DH STEM & cip tiéu hoc, qua d6 hinh
thanh va ciing ¢ NL nhan thtrc chung vé GD STEM (A1-A4), 1am nén
tang cho viéc phat trién cac NLDH STEM ¢ muc d6 thiét ké, to chirc
va PG trong cac giai doan tiép theo. Viéc trién khai bién phap dugc hd
trg boi hé théng bai tap tinh hudng, mé — dun DH va tai liéu ty hoc
twong rng, trinh bay tai muc 2.4 cua luan an.

2.3.2. Bién phap 2 - Van dung mo hinh hoc tap trai nghiém

Mo hinh HTTN nhan manh viéc SV hoc thong qua hanh dong va trai
nghiém thuc tién dé hinh thanh tri thirc va NLDH; tuy nhién, trong bdi
canh dao tao GV gin v6i méi truong sd va yéu cau cao vé NL cong
nghé, viéc két hop md hinh nay véi bién phap DH tmg dung cong nghé
1a can thiét, nham mo rong khong gian va chiu sau trai nghiém ma
khong lam thay ddi ban chit cia HTTN, ddng thoi hd tro tu duy va sang
tao ciia SV.

2.3.3. Bién phap 3 — Vin dung DH vwng dung cong nghé

Bién phap DH tng dung cong nghé duoc trién khai nham hd tro va
tang cudng hiéu qua cc hoat dong hoc tip, qua d6 phat trién NLDH
STEM cho SV nganh GD Tiéu hoc; viéc st dung cong nghé (trong d6
c6 Al) duogc dinh hudng grfm véoi muc tiéu DH, yéu cAu su pham va bodi
canh thuc tin, tao nén tang dé SV vén dung cong nghé phu hop va co
trach nhiém trong thiét ké, to chuc va BG trong trién khai DH STEM.
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2.4. Quy trinh, cong cu danh gia NLDH STEM cic chi dé Sinh
hoc ciia SV nganh GD Tiéu hoc

Quy trinh DG NLDH STEM cua SV nganh GD Tiéu hoc bao gom
06 budc: (1). Xac dinh muc dich BG; (2). Xac dinh cac ti€u chi BG;
(3). Xay dung bd cong cu BG; (4). St dung bd cong cu bG dé do luong,
thu thap thong tin, s liéu cho qua trinh PG; (5). Xir 1y, phan tich cac
thong tin, s6 liéu; (6). Rat ra két luan

Trong nghién ctru ndy, NLDH STEM ciia SV nganh GD Tiéu hoc
duoc DG theo cach tiép céan qua trinh, dya trén cAu tric da thanh phﬁn
v6i 04 nhom NL va 16 tiéu chi, thong qua hé thdng cong cu PG da
ngudn, da hinh thirc nhim phan 4nh toan dién mirc d6 hinh thanh va
phat trién NL cua SV. Sau déy 1a 3 cong cu PG ma luan 4n da xay dung:

- 03 Phiéu PG: phiéu GgV PG KHDH CB/BH STEM, phiéu GgV PG
hoat dong to chite DH CB/BH STEM, phiéu SV ty DG NLDH STEM

- 02 Bang kiém: bang kiém ctua SV DG KHDH CB/BH STEM, bang
kiém ciia SV PG hoat dong t6 chirc DH CB/ BH STEM.

- 03 Cac bai kiém tra: bai kiém tra NLDH STEM (dau vao va dau
ra), bai kiém tra nhan thirc chung vé GD STEM

B cong cu BG da thiét ké duge dua vao st dung vao tirng giai doan
cu thé ctia qua trinh DH phat trién cho SV NLDH STEM céac CP Sinh
hoc theo tirng muc dich PG khac nhau.

2.5. Cac phwong tién hd tre' qua trinh day hec phat trién cho
SV NLDH STEM cac CP Sinh hoc & cép tiéu hoc

2.5.1. Tai ligu tw hoc

CAu truc tai liu duoge t6 chic theo 03 mé - dun hoc tap: (1) Mot )
van dé khai quat vé GD STEM; (2) Thiét ké KHDH CB/ BH STEM ¢
cAp tiéu hoc; (3) Bai tap rén luyén ning luc day hoc STEM. Trong d6
két hop gitra noi dung 1y thuyét cét 16i vé GD STEM, hudng dan thyuc
hanh va hé théng nhiém vu hoc tip gin véi cac tinh hudng DH cu thé.
Céc nhiém vu hoc tap dugc thiét ké theo murc d6 tang dan, tao diéu kién
cho SV phat trién dong bo 04 thanh phan NL trong NLDH STEM.
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2.5.2. H¢ thong bai tap
Bing 2.2. Gi6i thiéu h¢ thong bai tap phat trién cho SV NLDH STEM
cic CP Sinh hoc & cip tiéu hoc

trinh

STT Tén bai tap Nhom
1 Bai tip 1 - Phat trién NL A1 o , ,
2 | Baitap 2 - Phat trién NL A2 Bai tap nhom A - phat
— % trien NL nhan thuc chung
3 Bai tap 3 - Phat trién NL A3 v& GD STEM & cép tiéu
4 | Baitdp 4 - Phat trién NL A4 hoc
5 Bai tdp 5 — Phat trién tong hop NL A ’
Bai tap 6 - Phat trién NL B1: Xac dinh van
6 | @& thuc tidn va bdi canh hoc tap co tiém
nang tich hop GD STEM
Bai tap 7 - Phat trién NL B2: X4c dinh muc
7 tiéu cua Cb/ BH STEM theo dinh hudng
phat trién pham chat va NL HS, gan véi cac
thanh t6 S, T, E, M Bai tap nhom B - phat
Bai tap 8 - Phét trién NL B3: Xac dinh ndi | trién NL thiét ké KHDH
8 dung va chudi hoat dong DH CB/ BH | CB/ BH STEM
STEM theo tién trinh su pham
o | Baitap 9 - Phat triéen NL B4: Xay dung
khung KHDH CP/ BH STEM
Bai tdp 10 - Phat trién NL B5: Thiét ké
10 | chudi hoat dong hoc tap cu thé va san phém
hoc tap du kién.
A n . . Bai tap nhém C - phat
11 E’;Illhtap 11. Hoat dong trdi nghi¢m - thyc trién NL t6 chirc DH CB/
BH STEM
1o | Baitap 12. Thiét ké bang tiéu chi danh gia Bai tip nhom D - phit
sa? plAlam RN = trién NL DG trong trién
13 Bai tap 13. Thiét ké bang kiem PG quy khai DH CB/ BH STEM

2.5.3. M6 — dun day hoc

Trén co s& dinh huéng phat trién NLDH STEM cho SV nganh GD
Tiéu hoc theo tién trinh tir nhan thuc, thiét ké dén t6 chirc thyc hién va
DG, ndi dung DH dugc céu trac thanh 02 mé-dun DH ¢6 mdi quan hé
ké thira va bd tro 13n nhau: (1). M6 - dun DH s6 1: Phat trién cho SV
NL nhan thirc chung vé GD STEM, NL thiét ké KHBD va cong cu PG
trong CB/ BH STEM; (2). M6 - dun DH s6 2: Phat trién cho SV NL t6
chirc DH va NL DG trong trién khai CB/ BH STEM ¢ cip tiéu hoc
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CHUONG 3. THUC NGHIEM SU PHAM

3.1. Muc dich va nhiém vu thuc nghi€ém sw pham

Muc dich TNSP: TNSP duoc tién hanh nham xac dinh mc d6 phat
trién NLDH STEM cac CP sinh hoc cia SV nganh GD Tiéu hoc khi
véan dung quy trinh va cac bién phap to chire DH, thong qua d6 PG tinh
hiéu qua va kha thi cua gia thuyét khoa hoc ma dé tai ludn an da dé xuat.

Nhiém vu TNSP: bé dat duoc muc dich TNSP, nghién ctru tap trung
thuc hién cac nhiém vu: (1) x4c dinh ndi dung va phuong phadp TNSP
phtt hop véi muc tiéu phat trién NLDH STEM cho SV nganh GD Tiéu
hoc; (2) lua chon dbi twong, thoi gian va bdi canh TNSP bao dam tinh
dai dién va kha thi; (3) xay dung va chuén bi cac diéu kién TNSP, bao
gém cac mo-dun DH, hé théng PTDH, méi trudng hoc tap truc tuyén
va b céng cu PG NLDH STEM; (4) trao d6i, thong nhét véi GgV vé
muc tiéu, ndi dung mo6 — dun DH, quy trinh DH va phuong phap DG;
(5) to chirc TNSP theo 02 giai doan tham do va chinh thirc nham diéu
chinh quy trinh va thu thap dit liéu kiém chimng gia thuyét; (6) phén tich,
xtr 1i két qua TNSP dé PG tinh kha thi va hiéu qua cta cac bién phap
va quy trinh d& xuét.

3.2. N§i dung thuwe nghiém sw pham

TNSP dugc to chuc theo tién trinh gdm do TTD, 03 giai doan tac
dong va do STD nhiam DG su phat trién NLDH STEM ciia SV nganh
GD Tiéu hoc. Bién phap 1 (DH dya trén tinh hudng) két hop bién phap
3 (DH tmg dung cong nghé) duoc van dung & giai doan dau nhim phat
trién NL nhan thic chung vé GD STEM. Bién phap 2 (hoc tap trai
nghiém két hop thuc hanh) cing bién phap 3 duoc trién khai & cac giai
doan tiép theo dé rén luyén NL thiét ké, to chitc DH va NL PG trong
CDb/BH STEM. Hoat dong PG duoc thuc hién lién tuc trong va sau qua
trinh tac dong thong qua hé thong cong cu da dang, bao gdm bai kiém
tra, phiéu DG cua GgV, bang kiém va phiéu SV ty DG. Két qua TNSP
duogc dbi chiéu gitra trude va sau tac dong nham lam rd hiéu qua va tinh
kha thi ctia cac bién phap dé xuit.

3.3. Phuwong phap va cach thirc trién khai TNSP

Phwong phdp TNSP: TNSP duoc trién khai theo phuong phap DG
trude, trong va sau tic dong nhim xem xét sy phat trién NLDH STEM
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cua SV nganh GD Tiéu hoc va PG tinh hiéu qua, kha thi cta cac bién
phap dé xuat. NLDH STEM ctia SV dugce DG tai nhidu thoi diém bang
hé thdng tiéu chi va cong cu phu hop, két hop PG cua GgV va ty DG
ctia SV dé bao dam tinh khach quan. Két qua PG duoc so sanh, phan
tich bang cac phuong phép thong ké nham xac dinh muc d6 tac dong
clia cac bién phap. Bén canh d6, phan hdi cia GgV va SV sau TNSP
duoc thu thap dé bd sung co s& thuc tién cho viéc hoan thién quy trinh
phat trién NLDH STEM.

Dia ban, déi twong va thoi gian TNSP: TNSP dugc tién hanh tai 03
Khoa GD Tiéu hoc cua cac truong PHSP — DH Hué, PH Sai Gon va
Su pham — PH Cén Tho, véi ddi twong 1a SV nam thtr 3 va nam tha 4
hé chinh quy. TNSP tham do dugc thyc hién vao thang 11/2023, TNSP
DG dugc trién khai trong cac giai doan tir thang 10/2024 dén thang
8/2025.

Quy trinh trién khai TNSP: Qua trinh TNSP duoc to chirc theo 2
giai doan c6 mdi lién hé chit ché: TN tham do va TN PG. Giai doan
tham do nham kiém tra tinh phut hop va kha thi ctia ndi dung, hinh thirc
t6 chic, tai liéu va cong cu DG khi trién khai 3 bién phap phat trién
NLDH STEM, qua d6 diéu chinh, hoan thi€n quy trinh, bién phap, hoc
liéu, moi truong hoc tap va cong cu PG. Trén co sd do, giai doan TN
PG duoc trién khai tai 3 co s& dao tao GV tiéu hoc nham xac dinh mirc
d6 tac dong cua cac bién phap di v6i su phat trién NLDH STEM cua
SV. Hoat dong PG dugc thyc hién theo tién trinh trude, trong va sau
tac dong, Kkét hop PG cua GgV, tu PG cua SV va thu thap dir li€u dinh
tinh, 1am can ct rat ra cac két luan khoa hoc vé hiéu qua va tinh kha thi
clia quy trinh va cac bién phap dé xuit.

Thu thip va xir li so ligu TNSP: Nghién ctru st dung két hop sb
liéu dinh lugng va dinh tinh dé PG tac ddng cua quy trinh va cac bién
phap phat trién NLDH STEM cho SV nganh GD Tiéu hoc. S6 liéu dinh
lugng dugc thu thap theo thiét ké DG trudc, trong va sau tac dong, xur
1y bang cac phuong phéap thdng ké moé ta va suy luan nhdm xac dinh
mirc d6 phat trién va anh hudng ciia cac bién phap. S6 liéu dinh tinh
duogc thu thip thong qua phong van GgV va SV, phan tich theo hudng
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n6i dung dé bd sung, ddi chiéu va lam rd két qua dinh lugng, qua do
DG toan dién tinh hiéu qua va kha thi ctia cac bién phap dé xut.

3.4. Két qua thye nghiém sw pham

Két qua TNSP duoc phén tich theo cac nhom NL thanh phan cua
cau tric NLDH STEM va cac thoi diém do (TTD, GTD, STD). Cac
bién phép tic dong duoc trién khai theo mot hé théng tich hgp trong
quy trinh DH thdng nhét, do d6 két qua khong dugc xem xét theo ting
bién phap riéng 1¢ ma thong qua sy thay d6i ciia cac nhém NL va NLDH
STEM tong hop theo tién trinh phat trién.

Bing 3.1. Gia tri phép kiém dinh T- ghép ciip cic nhém NL
ciia NLDH STEM giira cac thoi diém tac dong

Thih TID - GID GTD-STD TTD-STD
h’;" Chénh , | Chénd , | Chinh p
phén . . .
léch SD léch SD léch SD | (T-test)
¢ test) | ° test) | -
N1 Gidm (@4 | giém (T | gigm

A -1.267 | 0359 |.000 -0.365 | 0.235 |.000 -1.632 | 0.407 | .000
B -1.048 | 0321 |.000 -0.446 | 0.217 |.000 -1.494 | 0367 | .000
C -0.805 [ 0280 | .000 -0.568 | 0.281 | .000 -1.373 [ 0368 | .000
D 0621 [0344 | .000 -0.687 | 0.380 | .000 -1.308 | 0.448 | .000
3.4.1. Két qud déi véi NL nhén thirc chung vé GD STEM
(nhém A)

NL nhén thirc chung vé GD STEM cua SV ting rd rét qua cac giai
doan, v&i muc cai thién manh nhat & giai doan TTD-GTD va duy tri xu
huéng phat trién & giai doan sau. Mirc ting tap trung chii yéu & céc tiéu
chi nhan thtre gin véi PPDH, KTDH tich cuc va hiéu biét vé ban chit
GD STEM, trong khi tiéu chi nhan thirc vé DG trong DH STEM phat
trién chdm hon. Minh chimg dinh tinh cho thiy SV chuyén bién tir cach
hiéu khai quat sang nhan thirc gin v6i thue hanh DH, song cac ndi dung
vé& PG van con han ché vé chiéu sau.

3.4.2. Két qua déi véi NL thiét ké KHDH CB/ BH STEM

(nh6ém B)

NL thiét ké KHDH CD/BH STEM ciia SV c6 su gia ting nhat quan
va c6 y nghia thong ké qua cac giai doan thyc nghiém. Sy phit trién thé
hién rd & céac tiéu chi mang tinh dinh hudng va céu tric tong thé nhu
xac dinh véan d¢ thyc tién va xay dung khung KHDH, trong khi céc tiéu
chi doi héi murc do chuyén mén va kinh nghiém cao hon (xac dinh muyc tiéu
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theo NL, thiét ké hoat dong chi tiét) phat trién cham hon. Két qua cho thay
NL thiét ké duoc hinh thanh theo tién trinh tir tong thé dén chi tiét.

3.4.3. Két qua déi véi NL t6 chirc DH CD/ BH STEM (nhém C)

NL t6 chie DH CB/BH STEM c¢6 su cai thién rd sau TNSP, dic biét
& cac tiéu chi lién quan dén diéu phdi tién trinh hoc tip va t6 chuc hoat
dong hop tac. Mic di mirc ting ban dau chua cao so v&i cac nhom NL
khac, NL nay duoc ciing ¢d rd hon & giai doan sau khi SV duoc ting
cuong co hoi thye hanh. Dir lidu dinh tinh cho thiy NL t6 chirc DH can
thoi gian va trai nghiém ldp lai trong cac bdi canh DH cu thé dé phat
trién hiéu qua.

3.4.4. Két qua déi véi NL PG trong DH CD/ BH STEM (nhém D)

NL BG trong DH STEM cua SV c6 xu hudng tang qua cac giai doan,
song 1a nhom NL phat trién cham nhat. Sy cai thién rd hon & giai doan
STP, tuy nhién céc tiéu chi vé sir dung két qua PG dé diéu chinh KHDH
va tu PG véan con han ché. Két qua dinh tinh cho thiy SV budc dau biét
thiét ké cong cu PG nhung gip kho khin trong van dung két qua DG
vao cai tién hoat ddng DH, phan anh dic thu phirc hop ctia NL nay.

3.4.5. Két qud phat trién NLDH STEM tong hop ciia SV

Két qua PG cho thiy NLDH STEM tdng thé cua SV ting rd qua cac
giai doan TNSP. Su phat trién dién ra theo trat tu tuong ddi 6n dinh: tir
NL nhan thire, dén thiét ké, t6 chire va cudi cung 1a DG. Dit lidu tu PG
ctia SV cho thiy xu hudng bién ddi twong ddng véi PG cia GgV, qua
d6 bd sung minh chimg vé mirc d6 ty nhan thirc nghé nghiép va cing
cb do tin cdy cua két qua thuc nghiém.

3.4.6. Két qua DG tai li¢u tw hoc ciia SV
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Hinh 3.1. Két qua ty PG ciia SV vé cac thanh t6 cia NLDH STEM
tai 2 thoi diém TTD va STD
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SV DG cao muc d6 hiéu qua va tinh phu hop cua tai liéu tu hoc trong
viéc hd tro tu dinh hudng, cling ¢6 kién thirc va rén luyén cac nhom NL
thanh phan cia NLDH STEM. Két qua dinh lugng va phan hoi dinh
tinh cho thay tai liéu gop phan tich cuc vao qua trinh ty hoc va thuc
hanh cua SV, déng thoi cung cép co s6 dé tiép tuc hoan thién hoc liéu.

3.4.7. Két qud phdn hoi ciia SV vé hiéu qud teng dung cong nghé

SV nhin chung DG cao hiéu qua cua viéc ng dung Al trong phat
trién NLDH STEM, dic biét d6i véi NL nhan thirc chung va NL thiét
ké KHDH CB/BH STEM. Tuy nhién, viéc ing dung Al trong phat trién
NL t6 chitc DH va NL DG con gap kho khan, doi héi sy dinh huéng va
hd tro thém tir GgV. Két qua cho thay Al ¢6 vai tro hd trg hiéu qua khi
dugc tich hop ¢ chu dich trong thiét ké su pham, nhung khong thay
thé cac hoat dong thuc hanh va phan hoi truc tiép.

3.5. Bién ludn két qua thwe nghiém sw pham

3.5.1. Bién lugn vé mirc d phdt trién NLDH STEM ciia SV
nganh GD Tiéu hoc

Két qua TNSP cho thdy NLDH STEM ctia SV ¢6 xu hudng phat
trién tich cuc va 6n dinh trong subt qua trinh tic dong, thé hién nhat
quan qua PG ciia GgV va tu DG cua SV. Su phat trién khong dién ra
ddng déu gitta cac nhém NL: nhém NL nhén thirc chung va thiét ké
KHDH (A, B) ting som va 1 hon so v&i cac NL thyc hanh nhu t6 chie
DH va PG (C, D), phan 4nh ding logic phat trién noi tai ciaa NLDH
STEM. Két qua tu DG cho thiy SV nang cao dang ké NL tu nhan thic
nghé nghiép, trong khi su twong déng vé xu hudng giita PG cua GgV
va SV gbp phan cing cb do tin cay cua két qua thuc nghiém.

3.5.2. Bién ludin vé tién trinh phdt trién NL theo thoi gian (TTP -
GTD - STD)

Phén tich su bién thién diém sb qua cac thoi diém TTD, GTD va
STP cho thiy tit ca cac nhém NL déu c6 xu hudng ting theo thoi gian.
Giai doan dau ghi nhan su phét trién rd nét & cac NL nhén thirc va thiét
ké, trong khi cac NL t6 chirc va DG thé hién mirc ting manh hon ¢ giai
doan sau, khi SV ¢6 nhiéu co hi trai nghiém va thyc hanh. Xu huéng
nay dugc ghi nhan twong d6i nht quan & ca ba co s& ddo tao, cho thdy
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hiéu qua 6n dinh va kha nang khéi quat ciia mo hinh phat trién NLDH
STEM dugc dé xuit.
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Hinh 3.2. Két qua PG ciia GgV vé cac thanh t6 cia NLDH STEM
ciia SV tai 3 thoi diém TTP, GTP va STD

3.5.3. Bién ludin vé hiéu qud ciia quy trinh té chirc DH phdt trién
cho SV NLDH STEM

Két qua thuc nghiém khing dinh quy trinh t6 chirc DH gdm 2 giai
doan (phat trién ting thanh t6 NL c6 huéng dan va SV tu luyén tap phdi
hop céc thanh t6) c¢6 tinh kha thi va hiéu qua trong dao tao SV nganh
GD Tiéu hoc. Quy trinh nay giup SV chuyén hoa dan tri thuc 1y thuyét
thanh hanh dong su pham, dong thoi tao diéu kién dé GgV theo ddi, hd
trg va diéu chinh kip thoi qué trinh hoc tip cta SV.

3.5.4. Bién ludin vé vai tré ciia cdc bién phdp tic dpng sw pham

Két qua TNSP cho thdy hiéu quéa cta hé thong bién phap phat trién
NLDH STEM cho SV nganh GD tiéu hoc. DH dya trén tinh hudng phat
trién tot nhém NL nhén thirc chung vé GD STEM; hoc tap trai nghiém
dong vai tro quan trong trong phat trién NL thiét ké, t6 chic va DG.
Bién phap DH tng dung cong nghé hd tro t6t viéc phat trién cac NL
nhan thic va thiét ké nhung han ché véi NL thyuc hanh phirc hop. Phan
tich chi s6 Cohen’s d (> 0,8) cho thdy muc anh huong tir 16n dén rat
16n, khéng dinh tinh hiéu qua thyc tién ctia bién phap.
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PHAN KET LUAN VA KIEN NGHI
1. Két luan

Déi chiéu két qua dat duoc véi cac nhiém vu ciia dé tai nghién ciru,
ching t6i rat ra mot s6 két luan nhur sau:

1.1. Co s6 1y luan va thyc tién cho NLDH STEM: Nghién ctru khang
dinh tinh tit yéu ctia viéc phat trién NLDH STEM cho SV nganh GD
tiéu hoc, dya trén téng quan GD STEM trén thé gidi va trong nuoc,
ciing nhu khao sat thyc tién nhu cau dao tao GV. Viéc phat trién dong
b 04 thanh t ciia NLDH STEM la can thiét dé chuan bi cho SV thuc
hién vai tro GV tiéu hoc trong bdi canh d6i mdi GD va chuyén doi sd.

1.2. Dya trén 06 nguyén tic: dam bao muc tiéu PT & CPR cua
CTDT, tinh dinh huéng NLDH STEM theo tiép can tich hop, phu hop véi
ddi tuong va giai doan hinh thanh NL ciia SV nganh GD Tiéu hoc, tinh hé
théng va logic noi tai cia khung NL, tinh gén két gitra co s& Iy luan va co s&
thyc tién, tinh do ludng va kha ning kiém chiing, luan an da xay dung duoc
khung NLDH STEM véi 04 nhom NL thanh phan 1a: A. NL nhén thirc
chung vé GD STEM ¢ cap tiéu hoc; B. NL thiét ké KHDH CB/ BH STEM
& cap tiéu hoc; C. NL t6 chire DH CB/ BH STEM 6 cép tiéu hoc; D. NL PG
trong trién khai DH CB/ BH STEM & cép tiéu hoc.

1.3. Tir cdu trac NLDH STEM, luan an da dé xuét duoc quy trinh
DH phat trién cho SV NLDH STEM céc CP sinh hoc & ce‘ip tiéu hoc vai 02
pha: (1). Xéc 14p co s va cAu tric trién khai; (2). T6 chie DH phat trién cho
SV NLDH STEM cac CD sinh hoc & cap tiéu hoc. Pha 2 duoc 1ong ghep
vao hoc phan PPDH TN & XH dé SV dong thoi ren luyén va phat trién
NLDH STEM qua céac nhiém vu hoc tap. Qua trinh gom 02 giai doan: hinh
thanh NL thanh phan dudi hudng dan cia GgV va tu luyén tap phdi hop cac
NL dé phat trién toan dién. Tir do, luan 4n dé xuét 03 bién phap su pham,
bao gdm: (1) DH dua trén tinh hudng, (2) Hoc tap trai nghiém va (3) DH ting
dung cong nghé dé phat trién dong bo tat ca 04 nhom NL thanh t6 cia NLDH
STEM.

1.4. X4y dung bd cong cu DG NLDH STEM ciia SV nganh GD Tiéu
hoc gom: 03 phiéu PG (Phiéu PG cua GgV vé KHDH CB/ BH STEM;
Phiéu DG ciia GgV vé hoat dong t6 chirc DH CB/ BH STEM; Phiéu tw
DG cia SV vé NLDH STEM), 02 bang kiém (Bang kiém cua SV bG
KHDH Cb/ BH STEM va Bang kiém ciia SV PG hoat dong t6 chirc
DH CP/ BH STEM) va 03 bai kiém tra (01 bai kiém tra ddu vao NLDH
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STEM, 01 bai kiém tra dau ra NLDH STEM va 01 bai kiém tra nhan
thirc chung vé GD STEM).

1.5. Xay dung hé thdng cac PTDH hd tro to chire DH phat trién cho
SV NLDH STEM cac CP Sinh hoc & cip tiéu hoc, gop phan bao dam
tinh kha thi va hiéu qua ciia cac bién phap ké trén. Hé théng PTDH
gbm: 01 tai lidu tu hoc, hé théng 14 bai tap va 02 cdc md - dun DH.

1.6. Tién hanh TNSP: Chiing t6i da tién hanh TNSP tai 03 co s¢ dao
tao GV tiéu hoc 1a: truong DPHSP - BPH Hué, truong PH Sai Gon, truong
Su pham - BH Can Tho v&i 359 SV tai 06 16p, két qua cho thiy SV dat
murc phat trién tich cuc vé nhom NL nhén thirc chung vé GD STEM va
nhom NL thiét ké KHDH CD/ BH STEM. Nhom NL t6 chitc DH va
bG trong trién khai DH CB/ BH STEM cling dugc cai thién, nhung van
can hudng dan va thyc hanh thém. Két qua dinh luong va dinh tinh déu
nhan manh vai trd hd tro clia cong nghé trong viéc cung cap phén hoi,
goiy y tudng va tang cuong kha nang ty hoc. Dong thoi, vai tro GgV
van 1a yéu tb quan trong trong viéc dinh huéng, kiém chimg va ap dung
cac két qua hd tro ndy vao bdi canh 16p hoc cu thé.

1.7. Tinh tmg dung va gia tri thyc tién: luan an da cung cip mot md
hinh tong thé, co thé ap dung tryc tiép trong dao tao SV nganh GD Tiéu
hoc, gop phén trang bi NL nghé nghiép dé thuc hién cac nhiém vu giang
day STEM. Su két hop giita bién phap su pham, tai liéu hd trg va huéng
dan tryc tiép tir GgV dam bao tinh kha thi, hiéu qua va phu hop véi xu
hudng dao tao GV hién dai.

To6m lai, luan dn dé hoan thanh cac nhiém vu nghién ctru, xay dung khung
NLDH STEM, dé xuét bién phap phat tnen va kiém chung hiéu qua qua thuc
nghiém, dong thoi chi ra nhimg nguyén tic, diéu kién va chién lugc su pham
can thiét dé phat trién NL nay SV nganh GD Tiéu hoc.

2. Kién nghi

Dua trén két qua nghién ctru, chung toi d& xuit cac kién nghi dé ning
cao hiéu qua phat trien NLDH STEM va dinh huéng cac nghién ctru
tiép theo nhu sau:

2.1. Can tiép tuc trién khai thuc nghiém cac bién phap phat trién
NLDH STEM cho SV nganh GD Tiéu hoc véi pham vi va quy m6 rong
hon tai nhiéu co s¢ dao tao su pham khac nhau, nham kiém chimg sau
hon mirc d6 hiéu qu4, tinh én dinh cua két qua va ning cao do tin cdy
ctia cic két luan nghién ctru.

2.2. Can tao diéu kién dé SV tham gia thyuc tap su pham va tryc tiép
trién khai DH cac CB/ BH STEM véi dbi tugng HS tiéu hoc, qua d6
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ting cuong tinh trai nghiém thyc tién thay vi chi thyc hanh trong cic
tinh hudng mé phong.

2.3. Khuyén khich cac nghién ctru dai han vé sy phat trién bén viing
cua NLDH STEM va kha nang 4p dung sau khi SV ra trudong, tir do
hoan thién khung NLDH STEM va nang cao chat luong dao tao GV
tiéu hoc.

2.4. Nghién ciru dé xay dung tai liéu huéng dan chuyén sau vé su
dung tri tué nhan tao trong thuc hanh giang day STEM & bac tiéu hoc.
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PART L. INTRODUCTION

1. Reason for choosing the topic

(1). Based on the requirement to develop learners’ qualities and
competencies in the 2018 General Education Curriculum

In the context of fundamental and comprehensive educational reform, the
2018 General Education Curriculum identifies the development of learners’
qualities and competencies as its core objective. Within this orientation, STEM
education is regarded as a vital approach to engage learners in applying and
integrating knowledge and skills from science, technology, engineering, and
mathematics to address real-world problems. This process fosters scientific
thinking, engineering design thinking, and problem-solving competence.
Recent policy documents issued by the Ministry of Education and Training
have emphasized the implementation of STEM education in general education
schools, particularly at the primary level, placing new demands on teachers’
STEM teaching competence (STEM-TC).

(2) Based on the role of biology topics in developing scientific
competence among primary school students

Within the primary education curriculum, biology-related content strands
are taught continuously from Grade 1 to Grade 5 through the subjects of
Natural and Social Sciences and Science. This content area offers favorable
opportunities for organizing observation, hands-on practice, experimentation,
and experiential learning activities, which are core characteristics of STEM-
oriented teaching. When appropriately designed, biology topics enable the
natural integration of science, technology, engineering, and mathematics,
thereby contributing to the development of scientific competence among
primary school students. However, implementing STEM teaching for these
topics requires teachers to be competent in analyzing curricular content,
designing integrated learning activities, and organizing teaching processes in
alignment with a competency-based approach.

(3) Based on the current status of pre-service primary teacher education

From a teacher training perspective, STEM education content in current
programs for pre-service primary teachers is primarily integrated in a
fragmented manner. It lacks a coherent structure and a systematic process for
developing STEM-TC, particularly regarding biology-related topics.
Moreover, existing literature offers limited in-depth investigation into how this
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competence is developed from both theoretical and subject-specific
pedagogical perspectives.

Based on these considerations, this study, entitled “Developing STEM-TC
in biology topics for Pre-Service primary school teachers” is conducted to
define the structure of STEM-TC and propose a development framework along
with pedagogical measures. The study aims to support the requirements of
general education reform and enhance teacher education in the current context.

2. Research Objectives

Developing a STEM-TC framework for pre-service primary education
students, this study subsequently proposes a teaching process and instructional
measures to foster STEM-TC through thematic units with biological content
in the Natural and Social Sciences and Science subjects at the primary level.

3. Research Hypothesis

If a STEM-TC framework for pre-service primary education students is
successfully developed, along with a teaching process and a set of instructional
measures for fostering STEM-TC through biology-based thematic units at the
primary level, and if these are appropriately applied in teaching courses within
the group of Natural and Social Sciences Didactics and Methodology, they will
contribute to the development of pre-service teachers’ STEM-TC.

4. Research Objects and Scope

Research Objects:

- The structural framework of STEM-TC.

- The instructional process designed to develop STEM-TC for pre-service
primary teachers.

- Pedagogical measures for fostering STEM-TC through biology-related topics.

Research Context: The professional training and development process of
pre-service primary teachers at teacher education institutions, specifically
oriented toward STEM-TC.

5. Research Tasks

- To review the theoretical foundations of competencies, teaching
competencies, and STEM-TC; STEM education in general education; and the
characteristics of teaching biology-related content in primary education. On
that basis, to establish the theoretical framework of STEM-TC for pre-service
primary education students.



- To investigate and analyze the current situation of developing STEM-TC
among pre-service primary education students during their training programs.

- To define the concept and develop a STEM-TC framework for pre-service
primary education students in teaching biology-related thematic units at the
primary level.

- To propose a teaching process and instructional measures for developing
STEM-TC for pre-service primary education students in teaching selected courses
within the Natural and Social Sciences Didactics and Methodology group.

- To design self-learning materials and instructional modules to support the
development of STEM-TC for pre-service primary education students.

- To conduct a pedagogical experiment to test the research hypotheses and
evaluate the feasibility and effectiveness of the proposed teaching process and
instructional measures.

6. Research Methods

The dissertation employs 05 research methods, including: Theoretical
research methods; Empirical research methods; Expert consultation methods;
Pedagogical experimentation; Mathematical statistical methods.

7. Scope of the Study

Within the scope of this dissertation, the study focuses on developing
STEM-TC for pre-service primary education students through biology-related
thematic units at the primary level. These are implemented within courses in
the Natural and Social Sciences Didactics and Methodology group, including:
Teaching Methods for Natural and Social Sciences, and Organizing Learning
Activities for Plant and Animal Topics in Primary Education.

The survey on the current situation was conducted at seven teacher
education institutions, namely: Hanoi Pedagogical University 2, University of
Education (Hue University), University of Education (The University of Da
Nang), Ho Chi Minh City University of Education, Saigon University, Phu
Yen University, and Can Tho University, as well as primary schools in 15
provinces in Central Vietnam (according to the former administrative
classification).

The pedagogical experiment was implemented with third- and fourth-year
pre-service primary education students at three teacher education institutions,
including: University of Education — Hue University, Saigon University, and
the School of Education — Can Tho University.
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8. Novel contributions of the doctoral thesis

- Systematization: The study systematizes and clarifies the theoretical
foundations of STEM education and teaching competence. It establishes a
robust theoretical framework for the STEM-TC of pre-service primary
teachers, specifically within the context of biology-related content.

- Empirical Insights: The dissertation provides a comprehensive analysis
of the current status of STEM-TC development among pre-service teachers,
identifying key challenges and opportunities in existing teacher education
programs.

- Conceptual and Structural Innovation: The study proposes a novel
concept and a detailed structural model of STEM-TC for biology-related
topics. This model serves as a scientific basis for designing training curricula
and developing assessment tools for pre-service primary teachers.

- Practical Framework and Measures: The study establishes a structured
process and proposes three core pedagogical measures to enhance STEM-TC.
These include: (1) situation-based instruction; (2) experiential learning
integrated with hands-on practice; and (3) the integration of educational
technology (EdTech).

- Instructional Resource Development: The doctoral thesis develops a
comprehensive system of resources, including self-study materials and
specialized learning tasks. Building on these resources, it provides designed
teaching modules that facilitate the instructional organization aimed at
fostering students' STEM-TC.

- Empirical Validation: The research validates the feasibility and
effectiveness of the proposed process and measures through rigorous
pedagogical experimentation, providing a reliable reference for teacher
education institutions.

9. Structure of the Doctoral Thesis

In addition to the introduction, conclusions and recommendations,
references, and appendices, the dissertation consists of three main chapters:

Chapter 1: Theoretical and practical foundations for developing STEM-TC
in biology related topics for pre-service primary school teachers.

Chapter 2: Processes and measures for developing STEM-TC among pre-service
primary school teachers through biology-related topics at the primary level.

Chapter 3: Pedagogical experimentation.
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PART II. CONTENT
CHAPTER 1. THEORETICAL AND PRACTICAL FOUNDATIONS
FOR DEVELOPING STEM TEACHING COMPETENCE IN
BIOLOGY-RELATED TOPICS
FOR PRE-SERVICE PRIMARY SCHOOL TEACHERS

1.1. Overview of Related Studies

1.1.1. Historical Overview of STEM Education Research

Globally, STEM education emerged from the need to enhance learners’ scientific
and mathematical competence and subsequently evolved into an integrated,
multidisciplinary educational model that plays a crucial role in fostering creative
thinking and problem-solving competence. In Viet Nam, STEM education has
progressed from initial pilot initiatives to a stage of official guidance and gradual
institutionalization within the 2018 General Education Curriculum. Both
international and domestic studies have consistently affirmed the significance of
STEM education in educational reform oriented toward competence development;
however, in-depth research on the organization of STEM teaching that is appropriate
to the context of primary education and teacher education remains limited and
requires further attention.

1.1.2. Historical Overview of Research on Teaching Competence

Both international and domestic studies on teaching competence
consistently conceptualize teaching competence as a multi-component
construct influenced by subject-matter knowledge, pedagogical content
knowledge, professional attitudes, and the context of teaching practice. On this
basis, numerous competence frameworks and models for the development of
teaching competence have been developed and applied in teacher education
and professional development programs. Notably, specialized approaches
have emerged to meet the demands of educational reform, including teaching
oriented toward STEM education. These research findings provide an
important theoretical foundation for further investigation, construction, and
development of STEM-TC frameworks in contemporary teacher education.

1.1.3. Historical Overview of Research on STEM Teaching Competence

International and domestic studies on STEM-TC indicate a shared
understanding of teaching competence as an integrated construct
encompassing teachers’ subject-matter knowledge, pedagogical skills, and
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professional attitudes. Based on this perspective, various frameworks and
models for the development of STEM-TC have been proposed; however, most
of them primarily focus on secondary school teachers or pre-service teachers
in subject-specific teacher education programs and tend to emphasize
descriptive analyses or address isolated aspects of STEM teaching. At present,
a comprehensive STEM-TC framework that is aligned with the specific
characteristics of pre-service primary teacher education remains limited. This
gap highlights the need for further research to enrich and refine the theoretical
foundations of STEM-TC within the context of primary teacher education.

1.2. Theoretical Foundations of the Research Problem

1.2.1. STEM Teaching Competence

1.2.1.1. Competence

To more accurately reflect the context of Vietnamese education, this study
adopts the concept of competence as defined in the 2018 Overall General
Education Curriculum. Accordingly, competence is understood as an
individual attribute that is formed and developed through inherent dispositions
as well as processes of learning and practice, enabling individuals to mobilize
and integrate knowledge, skills, and other personal attributes such as interests,
beliefs, and volitionto successfully perform specific types of activities and
achieve desired outcomes under given conditions.

1.2.1.2. Teaching Competence

Based on the professional standards for teachers and the specific
characteristics of the primary education level, this dissertation conceptualizes
teaching competence as the ability of pre-service primary school teachers to
mobilize and integratively apply subject-matter knowledge, pedagogical
knowledge, instructional organization skills, and professional attitudes to
effectively design, organize, implement, and assess teaching and learning
activities at the primary level, in accordance with the requirements of the
current General Education Curriculum. This conceptualization provides the
theoretical basis for identifying and developing STEM-TC for pre-service
primary school teachers in the subsequent sections of the doctoral thesis.

1.2.1.3. STEM Teaching Competence and Requirements for Pre-service
Primary School Teachers

Building on existing conceptions of STEM teaching, teaching competence,
STEM-TC, and related studies, and employing expert consultation to solicit
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evaluative and validating feedback on the conceptual scope of STEM-TC in
pre-service primary teacher education, this study proposes the following
definition: STEM-TC of pre-service primary education students refers to the
ability to mobilize and integrate disciplinary knowledge, pedagogical
knowledge, and knowledge of STEM education in order to design lesson plans,
organize teaching and learning activities, and conduct assessment during the
implementation of STEM topics/lessons, in accordance with primary students’
characteristics and the orientation of developing students’ qualities and
competencies as specified in the General Education Curriculum.

From the concept of STEM-TC, this dissertation adopts the notion of
developing STEM-TC as its analytical foundation. Accordingly, the
development of STEM-TC for pre-service primary education students is
understood as a process of forming, refining, and enhancing their ability to
design lesson plans, organize teaching and learning activities, and conduct
assessment in the implementation of STEM topics/lessons at the primary level.
This process is based on the integrated application of subject-matter
knowledge, pedagogical knowledge, understanding of STEM education, and
practical teaching experience.

1.2.2. Selected Teaching Models for Developing STEM Teaching
Competence

- Problem-based learning and case-based learning in the development of
STEM-TC.

- Experiential learning—based teaching models

- Technology-enhanced teaching approaches

1.2.3. The relevance of biology-related thematic units in developing
STEM teaching competencies among pre-service primary education
students

Based on a review of teaching models for developing STEM-TC, it can be
seen that the effectiveness of developing this competence in pre-service
teachers depends not only on the teaching models and implementation
procedures but also on the selected content context. In primary STEM
education, biology-related topics have notable advantages as they are closely
connected to the living world and everyday environments, aligning well with
pupils’ cognitive characteristics and the competency-oriented goals of the
2018 General Education Curriculum. Biology content strands account for a
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substantial proportion of the subjects Natural and Social Sciences and Science,
and they also offer strong interdisciplinary integration potential, creating
favorable conditions for organizing experiential, hands-on, and problem-
solving activities in line with the STEM approach. Therefore, selecting
biology-related topics at the primary level as the context for developing
STEM-TC for pre-service primary school teachers is supported by solid
scientific, pedagogical, and teacher education foundations.

1.2.4. Legal Foundations for Developing STEM Teaching Competence
for Pre-service Primary School Teachers

The system of guidelines, policies, and legal documents issued by the Party,
the State, and the Ministry of Education and Training has established a solid
legal foundation for the development of STEM-TC in primary teacher
education. Resolutions and directives on educational reform and digital
transformation emphasize teaching oriented toward the development of
learners’ qualities and competencies, interdisciplinary integration, and real-
world relevance. Teacher professional standards and the 2018 General
Education Curriculum operationalize these policy directions into specific
professional benchmarks and objectives that primary school teachers are
expected to achieve. Furthermore, official guidelines for the implementation
of STEM education at the primary level translate policy orientations into
practical requirements within schools. Therefore, developing STEM-TC for
pre-service primary school teachers is an objective, urgent, and well-aligned
requirement with current educational reform directions.

1.3. Practical Foundations of the Research Problem

Findings from the situational survey involving relevant stakeholders
including teacher education curricula, primary school teachers, pre-service
primary education students, and teacher educators—provide a comprehensive
picture of the current state of STEM-TC development among pre-service
teachers. The results indicate that, although certain conditions and
prerequisites for the formation of STEM-TC in primary teacher education have
been established, this process still lacks a unified framework and a coherent
developmental pathway. As a result, considerable disparities exist in both the
opportunities and levels of competence development experienced by pre-
service teachers. This situation reveals a critical gap that needs to be
systematically addressed in initial teacher education.
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Based on the established theoretical and practical foundations, it can be
affirmed that developing a STEM-TC framework for pre-service primary
school teachers, grounded in biology-related topics at the primary level,
together with proposing appropriate developmental procedures and
pedagogical measures within teacher education curricula, is both necessary
and scientifically justified. These issues constitute the core focus that the
dissertation further elaborates and operationalizes in Chapters 2 and 3.

CHAPTER 2. TEACHING PROCESS AND MEASURES FOR
DEVELOPING STEM TEACHING COMPETENCE AMONG PRE-
SERVICE PRIMARY SCHOOL TEACHERS IN BIOLOGY TOPICS

2.1. Developing a framework for STEM teaching competence of pre-
service primary school teachers

The development of the STEM-TC framework for pre-service primary
school teachers was conducted based on the following 06 principles:

- Ensuring alignment with the training objectives and intended learning
outcomes of the teacher education curriculum.

- Ensuring an integrated approach to the orientation of STEM-TC.

- Ensuring suitability for the characteristics of learners and the stages of
competence development of pre-service primary school teachers.

- Ensuring the internal coherence, systematic structure, and logical
consistency of the competence framework.

ensuring coherence between theoretical foundations and practical bases.

- Ensuring measurability and verifiability of the competence framework.

Based on the established principles, the development of the STEM-TC
framework for pre-service primary school teachers was implemented through
a systematic six-steps process, aimed at ensuring consistency among
theoretical foundations, practical requirements, and applicability in teacher
education and educational research. specifically, the process included: (1)
Analyzing the requirements for STEM teaching competencies within the
primary teacher education curriculum; (2) reviewing and analyzing STEM
teaching competency frameworks in both national and international contexts;
(3) developing a preliminary STEM teaching competency framework; (4)
consulting experts and conducting empirical surveys to refine the competency
framework; (5) standardizing competency indicators, descriptors, and
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performance levels; and (6) piloting and finalizing the STEM teaching
competency framework.

Based on research on STEM education, teaching competence, and existing
STEM-TC frameworks, and grounded in the established legal and policy
foundations, we propose a STEM-TC framework for pre-service primary school
teachers comprising four component competences: (A) general awareness and
understanding of STEM education; (B) competence in designing STEM STEM
topic/lesson plans; (C) competence in organizing and implementing STEM
topic/lesson; and (D) competence in assessment within STEM topic/lesson at the
primary school level.

The criteria for each component competence are described across 04 levels
of performance. For the cognitive competence domain (A), the study draws on
the hierarchical classification of cognitive levels in Bloom’s taxonomy. For the
practice-oriented and professionally operational competence domains (B, C,
and D), the study draws on the Dreyfus model of skill acquisition is applied.

Table 2.1. STEM teaching competence framework
for pre-service primary school teachers

Criteria
(16)

Competency
components (4)

Al. Understanding of the theoretical foundations and orientations of
STEM education in the primary school general education curriculum

A2. Understanding of active teaching methods and active

A. General | instructional techniques in teaching STEM topic/lesson at the primary
awareness and | school level
understanding of | A3. Understanding of assessment in teaching STEM topic/lesson at

STEM education | the primary school level

A4. Understanding of principles and procedures for developing and
designing lesson plans for STEM topic/lesson within the primary
school general education curriculum

B1. Identifying authentic real-world problems and learning contexts
with potential for STEM integration

B. Competence
in designing
STEM
topic/lesson
plans

B2. Defining the objectives of STEM topics/lessons in accordance
with the development of pupils’ qualities and competences, aligned
with the S, T, E, M components

B3. Determining the content and sequence of teaching and learning
activities for STEM topic/lesson in accordance with the pedagogical
progression

B4. Developing the lesson plan framework for STEM topic/lesson
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BS. Designing specific learning activity sequences and anticipated
learning products

C. Competence
in organizing and
implementing
STEM
topic/lesson

Cl. Establishing and managing STEM learning environments

C2. Facilitating and orchestrating the learning process of exploration,
design, and construction

C3. Organizing collaborative activities, communication, and
scientific argumentation

C4. Supporting pupils in creative thinking and decision making

D. Competence
in  assessment
within ~ STEM
topic/lesson  at
the primary
school level.

D1. Designing assessment tools for pupils in teaching STEM
topics/lessons planning at the primary school level

D2. Employing assessment tools to assess pupils’ learning in STEM
topic/lesson at the primary school level, processing the collected data,
and providing feedback

D3. Conducting self-assessment and revising lesson plans and the
implementation of STEM topic/lesson at the primary school level

2.2. Building

the teaching process for developing students’ STEM

teaching competence in biological topics at the primary school level

Phase 1 —

the and

framework for development pre-service teachers’ STEM
teaching competence in Biology topics at the primary level:

Phase 2- O and i i pre-
service teachers' STEM teaching competence in Biology
topics at the primary level

v
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@
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ment STEM teaching
an be integrated.
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M

Step 2. Assessing the current level of STEM
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topic/lessen instruction at the primary level,

)

Stage 1.2. Designing the instructional Structure
of Development for STEM Teaching Competence

the instruction of STEM topics ong
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with the remaining aspects of assessment
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competence.

STEM teaching competence
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Figure 2.1. Process for developing students’ STEM-TC in biological topics
at the primary school level

The development of a teaching process aimed at fostering STEM-TC
among students in the Primary Education program, within the context of
biological topics at the primary school level, is guided by the following 05
principles:

(1) Ensuring alignment with the training curriculum and the STEM-TC
framework for students majoring in Primary Education; (2) Ensuring suitability
to the characteristics and developmental levels of STEM-TC among Primary
Education students; (3) Promoting students’ activeness and capacity for self-
regulation in the learning process; (4) Ensuring continuous monitoring and
assessment of students’ STEM-TC development; (5) Ensuring rationality and
flexibility in organizing teaching activities for the development of STEM-TC.

Based on these principles, a teaching process for developing STEM-TC
among students in biological topics at the primary school level is proposed,
consisting of 02 phases:

- Phase 1 — Establishing the foundations and implementation framework
for development pre-service teachers’ STEM-TC in Biology topics at the
primary level;

- Phase 2 — Organizing and implementing development pre-service
teachers’ STEM-TC in Biology topics at the primary level.

2.3. Measures for Developing Pre-service Teachers’ STEM Teaching
Competence in Biology Topics at the Primary Level

2.3.1. Measure 1 — Applying Case-based Instruction

This measure is implemented in a streamlined manner, with a focus on
engaging pre-service teachers in analyzing, making judgments about, and
evaluating typical pedagogical situations in primary-level STEM education.
Through this process, pre-service teachers gradually develop and consolidate
general cognitive competence in STEM education (A1-A4), which serves as
a foundation for the subsequent development of STEM-TC at the levels of
instructional design, instructional organization, and assessment in the
following stages.

The implementation of this measure is supported by a system of case-based
tasks, instructional modules, and corresponding self-study materials, which
are presented in Section 2.4 of the doctoral thesis.
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2.3.2. Measure 2 — Applying the Experiential Learning Model

The experiential learning model emphasizes that pre-service students learn
through action and practical experience in order to construct knowledge and
develop teaching competencies. However, within the context of teacher
education associated with digital learning environments and high demands for
technological competence, the integration of this model with technology-
enhanced instructional approaches is considered necessary. This combination
aims to expand both the scope and depth of experiential learning without
altering the core nature of the experiential learning model, while
simultaneously supporting students’ cognitive development and creativity.

2.3.3. Measure 3 — Applying Technology-Enhanced Instruction

This measure is implemented to support and enhance the effectiveness of
learning activities, thereby fostering the development of STEM-TC among
pre-service teachers in primary teacher education programs. The use of
technology, including artificial intelligence (Al), is deliberately aligned with
instructional objectives, pedagogical requirements, and authentic teaching
contexts, thereby establishing a foundation for pre-service teachers to employ
technology in an appropriate and responsible manner in the design,
organization, and assessment of STEM instruction.

2.4. Procedure and Instruments for Assessing STEM Teaching
Competency in Biology Topics of Pre-service Primary Education Teachers

The procedure for assessing STEM teaching competency of pre-service
primary education teachers consists of 06 steps: (1) determining the purpose
of assessment; (2) identifying assessment criteria; (3) developing the
assessment instrument system; (4) employing the assessment instruments to
measure and collect information and data for the assessment process; (5)
processing and analyzing the collected information and data; and (6) drawing
conclusions.

In this study, the STEM teaching competency of pre-service primary
education teachers is assessed using a process-oriented approach, based on a
multi-component structure comprising 04 competency domains and 16
criteria. The assessment is conducted through a system of multi-source and
multi-method instruments in order to comprehensively reflect the level of
formation and development of students’ competencies. The following are the
03 assessment instruments developed and employed in this dissertation:
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- 03 assessment rubrics, including: (i) a lecturer assessment rubric for
STEM topic/lesson planning; (ii)) a lecturer assessment rubric for the
implementation of STEM topic/lesson teaching activities; and (iii) a student
self-assessment rubric of STEM teaching competency.

- 02 checklists: a student checklist for evaluating STEM topic/lesson
planning; and a student checklist for evaluating the implementation of STEM
topic/lesson teaching activities.

- 03 tests: a STEM teaching competency test (pre-test and post-test); and a
test of general awareness of STEM education.

The designed assessment toolkit was implemented at specific stages of the
teaching—learning process aimed at developing STEM teaching competency
for students in Biology-related topics, in accordance with different assessment
purposes.

2.5. Instructional Support Resources for the Teaching—Learning
Process Aimed at Developing STEM Teaching Competency for Students
in Biology-related Topics at the Primary Level

2.5.1. Self-study Materials

The materials are structured into three learning modules: (1) key overview
issues of STEM education; (2) designing teaching plans for STEM
topics/lessons at the primary level; and (3) exercises for developing STEM
teaching competency. These modules integrate core theoretical content on
STEM education with practical guidance and a system of learning tasks linked
to specific teaching—learning situations. The learning tasks are designed with
increasing levels of complexity, thereby enabling students to concurrently
develop the four competency components within STEM teaching competency.

2.5.2. Teaching Modules

Based on the orientation toward developing STEM teaching competency
for students majoring in Primary Education through a progression from
awareness and design to implementation and assessment, the instructional
content is structured into two teaching modules that are sequentially connected
and mutually complementary.

- Teaching Module 1: Developing students’ general cognitive competency
in STEM education, competency in designing lesson plans, and competency
in designing assessment tools for STEM topic/lesson.
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- Teaching Module 2: Developing students’ competency in organizing
teaching—learning activities and competency in assessment during the
implementation of STEM topic/lesson at the primary level.

2.5.3. The system of exercises

Table 2.2. Introduction to the system of exercises for developing STEM teaching
competency for students in Biology-related topics at the primary level

No. | Exercise classification Group
1 | Exercise 1 - Development of Competency Al
2 | Exercise 2 — Development of Competency A2 Group A Exercises — Developing general
3 | Exercise 3 — Development of Competency A3 cognifive  competency 1 STEM
4 | Exercise 4 — Development of Competency A4 education at the primary level
5 | Exercise 5 — Inteprated Development of Competency A
Exercise 6 — Development of Competency B1: Identifying
6 | real-world problems and learning contexts with potential
for STEM education integration
Exercise 7—Development of Competency B2: Defining the
7 objectives of STEM topics/lessons in alignment with the
development of learners’ qualities and competencies, and
assoc.Lgted with the S, T E, and M compcnants_ _ Group B Exercises - Developing
Exercise § — Development of Competency B3: Identifying _- L :
- . . o competency in designing teaching plans
g contert an_d sequencing teac}ung—lear_mng activities _fcr for STEM topics/lessons
STEM topics/lessons in accordance with the pedagogical
process
9 Exercise 9 — Development of Competency B4: Developing
the framework of teaching plans for STEM topics/lessons
Exercise 10 — Development of Competency B5: Designing
10 | specific learning activity sequences and anticipated
learning products
Group C Exercises — Developing
11 | Exercise 11 —Experiential and practical activities competency in organizing the teaching—
learning process for STEM topics/lessons
1 Exercise 12— Designing criteria-based rubrics for product | Group D Exercises — Developing
assessment competency in assessment during the
. . . implementation of teaching—learning
13 | Exercise 13 — Designing checklists for process assessment activities for STEM topicslessons
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CHAPTER 3. PEDAGOGICAL EXPERIMENT

3.1. Objectives and Tasks of the Pedagogical Experiment

Objective of the pedagogical experiment: The pedagogical experiment
was conducted to determine the level of development of STEM teaching
competency in Biology-related topics among students majoring in Primary
Education when applying the proposed teaching process and instructional
measures. Through this experiment, the effectiveness and feasibility of the
scientific hypothesis proposed in the dissertation were evaluated.

Tasks of the pedagogical experiment: To achieve the objectives of the
pedagogical experiment, the study focused on the following tasks: (1)
identifying the content and methods of the pedagogical experiment in
alignment with the objective of developing STEM teaching competency for
students majoring in Primary Education; (2) selecting participants, time frame,
and experimental context to ensure representativeness and feasibility; (3)
developing and preparing the experimental conditions, including teaching
modules, a system of instructional resources, an online learning environment,
and an assessment toolkit for STEM teaching competency; (4) discussing and
reaching agreement with lecturers regarding the objectives, content of the
teaching modules, the teaching process, and assessment methods; (5)
conducting the pedagogical experiment in two phases—pilot and formal—in
order to refine the process and collect data to verify the research hypothesis;
and (6) analyzing and processing the experimental results to evaluate the
feasibility and effectiveness of the proposed measures and teaching process.

3.2. Content of the Pedagogical Experiment

The pedagogical experiment was conducted following a sequence that
included pre-intervention measurement, three intervention phases, and post-
intervention measurement in order to assess the development of STEM
teaching competency among students majoring in Primary Education.
Instructional Measure 1 (situation-based teaching), in combination with
Instructional Measure 3 (technology-enhanced teaching), was applied in the
initial phase to develop students’ general cognitive competency in STEM
education. Instructional Measure 2 (experiential learning combined with
practice), together with Instructional Measure 3, was implemented in
subsequent phases to foster competency in designing and organizing teaching—
learning activities, as well as competency in assessment within STEM
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topics/lessons. Assessment activities were carried out continuously during and
after the intervention through a diverse set of instruments, including tests,
lecturers’ assessment forms, checklists, and student self-assessment forms.
The experimental results were compared between the pre- and post-
intervention stages to clarify the effectiveness and feasibility of the proposed
measures.

3.3. Methods and procedures for implementing the pedagogical
experiment

Methods of the pedagogical experiment: The pedagogical experiment was
implemented using a pre-, during-, and post-intervention assessment approach
to examine the development of STEM teaching competency among students
majoring in Primary Education and to evaluate the effectiveness and feasibility
of the proposed measures. Students’ STEM teaching competency was assessed
at multiple time points using an appropriate system of criteria and instruments,
combining lecturers’ assessments with students’ self-assessments to ensure
objectivity. The assessment results were compared and analyzed using
statistical methods to determine the extent of the impact of the proposed
measures. In addition, feedback from lecturers and students collected after the
pedagogical experiment was used to provide empirical evidence for refining
the process of developing STEM teaching competency.

Research sites, participants, and timeline of the pedagogical experiment:
The pedagogical experiment was conducted at 03 Faculties of Primary
Education at University of Education - Hue University, Saigon University and
Can Tho University with participants consisting of full-time third- and fourth-
year undergraduate students. The pilot experiment was carried out in
November 2023, while the formal experimental assessment was implemented
across multiple phases from October 2024 to August 2025.

Procedure for Implementing the Pedagogical Experiment: The
pedagogical experiment was conducted in two closely interrelated phases: a
pilot experiment and an evaluative experiment. The pilot phase aimed to
examine the appropriateness and feasibility of the content, organizational
formats, instructional materials, and assessment instruments employed in the
implementation of the three measures for developing STEM teaching
competency. Based on the pilot results, adjustments were made to refine the
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procedure, measures, learning materials, learning environment, and
assessment instruments.

On this basis, the evaluative experiment was implemented at three teacher-
training institutions for primary education in order to determine the extent to
which the proposed measures influenced the development of STEM teaching
competency among students. Assessment activities were carried out following
a pre-, during-, and post-intervention sequence, combining lecturers’
assessments, students’ self-assessments, and the collection of qualitative data.
These data served as the basis for drawing scientific conclusions regarding the
effectiveness and feasibility of the proposed procedure and measures.

Data Collection and Analysis in the Pedagogical Experiment: The study
employed a mixed-methods approach, combining quantitative and qualitative
data, to evaluate the impact of the proposed procedure and measures for
developing STEM teaching competency among students majoring in Primary
Education. Quantitative data were collected following a pre-, during-, and
post-intervention assessment design and were analyzed using descriptive and
inferential statistical methods to determine the level of competency
development and the effects of the proposed measures. Qualitative data were
gathered through interviews with lecturers and students and were analyzed
using content analysis to complement, triangulate, and clarify the quantitative
findings. This integrated approach enabled a comprehensive evaluation of the
effectiveness and feasibility of the proposed measures.

3.4. Results of the Pedagogical Experiment

The results of the pedagogical experiment were analyzed according to the
groups of competency components within the structure of STEM teaching
competency and across different measurement points (pre-intervention, mid-
intervention, and post-intervention). As the intervention measures were
implemented as an integrated system within a unified teaching—learning
process, the results were not examined in relation to each individual measure
in isolation, but rather through changes in the competency groups and in
overall STEM teaching competency across the developmental progression.
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Table 3.1. Paired-samples t-test results of STEM teaching
competency components across intervention time points

Pre-test - Mid-test Mid-test — Post-test Pre-test — post-test
Competency Score p Score P Score P
Component Difference SD (T-test) | Difference SD (T-test) | Difference s (T-test)
A -1.267 0359 | .000 -0.365 0.235 .000 -1.632 0407 | .000
B -1.048 0321 | .000 -0.446 0217 .000 -1.494 0.367 | .000
C -0.805 0.280 | .000 -0.568 0.281 .000 -1373 0.368 | .000
D -0.621 0344 | .000 -0.687 0.380 .000 -1.308 0448 | .000

3.4.1. Results regarding general awareness of STEM education
competence (Group A)

The general awareness of STEM education competence among preservice
teachers showed a marked increase across the intervention phases, with the
most substantial improvement observed during the transition from the pre-
intervention to the mid-intervention stage, and a continued upward trend in the
subsequent phase. The improvement was primarily concentrated in criteria
related to awareness of teaching methods, active instructional strategies, and
understanding of the nature of STEM education, whereas awareness related to
assessment in STEM teaching developed more slowly. Qualitative evidence
indicates that preservice teachers shifted from a general and abstract
understanding toward a more practice-oriented conception of teaching;
however, aspects related to assessment remained limited in depth.

3.4.2. Results regarding STEM topics/lessons planning competence
(Group B)

Preservice teachers’ competence in STEM topic/lesson planning showed a
consistent and statistically significant increase across the experimental phases.
The development was most evident in criteria related to overall orientation and
structural components, such as identifying authentic real-world problems and
constructing the general framework of the topics/lessons plan. In contrast,
criteria requiring higher levels of professional expertise and teaching
experience, such as competency-based objective formulation and detailed
activity design developed more slowly. The findings indicate that planning
competence was formed through a progression from general structure to
detailed instructional design.

3.4.3. Results regarding competence in organizing STEM topic/lesson
instruction (Group C)
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Competence in organizing STEM topic/ lesson instruction demonstrated a
clear improvement after the pedagogical experiment, particularly in criteria
related to managing the instructional process and organizing collaborative
learning activities. Although the initial increase was not as pronounced as that
observed in other competency groups, this competence was more substantially
consolidated in the later phase when preservice teachers were provided with
increased opportunities for hands-on teaching practice. Qualitative data
indicate that competence in organizing instruction requires time and repeated
experiential engagement within authentic teaching contexts to develop
effectively.

3.4.4. Results regarding assessment competence in STEM topic/lesson
instruction (Group D)

Preservice teachers’ assessment competence in STEM instruction exhibited
an upward trend across the intervention phases; however, it was the slowest-
developing competency group. More noticeable improvement was observed in
the post-intervention phase, although criteria related to the use of assessment
results to adjust topic/lesson plans and to conduct self-assessment remained
limited. Qualitative findings indicate that preservice teachers began to develop
the ability to design assessment tools but continued to experience difficulties
in applying assessment results to improve instructional activities, reflecting
the complex nature of this competence.

3.4.5. Results of the overall development of preservice teachers’ STEM
teaching competence

Assessment results indicate that preservice teachers’ overall STEM-TC
increased markedly across the phases of the pedagogical experiment. The
development followed a relatively stable progression, moving from
awareness-related competence to planning, instructional organization, and
finally assessment. Preservice teachers’ self-assessment data exhibited a trend
consistent with instructor evaluations, thereby providing additional evidence
of professional self-awareness and reinforcing the reliability of the
experimental findings.

3.4.6. Results of the evaluation of preservice teachers’ self-study
materials

Preservice teachers rated the self-study materials highly in terms of their
effectiveness and appropriateness in supporting self-directed learning,
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consolidating knowledge, and developing the component competencies of
STEM-TC. Both quantitative results and qualitative feedback indicate that the
materials contributed positively to preservice teachers’ self-learning and
teaching practice, while also providing a basis for further refinement and
improvement of the instructional materials.

3.5. Discussion of the pedagogical experiment results

The results of the pedagogical experiment indicate the effectiveness of the
system of measures for developing STEM-TC among pre-service primary
education students. Scenario-based instruction was found to effectively
enhance general STEM education awareness competencies, while experiential
learning played a crucial role in developing design, organization, and
assessment competencies. Technology-enhanced instructional measures
supported the development of cognitive and design competencies; however,
they showed limitations in fostering complex practical competencies. Effect
size analysis using Cohen’s d (> 0.8) revealed large to very large effects,
thereby confirming the practical effectiveness of the proposed measures.
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PART III. CONCLUSIONS AND RECOMMENDATIONS

1. Conclusions

By comparing the research outcomes with the objectives and tasks of the
study, the following conclusions can be drawn:

1.1. Theoretical and practical foundations for STEM-TC: The study affirms
the necessity of developing STEM-TC for students majoring in Primary
Education, based on a review of STEM education at both international and
national levels, as well as an examination of practical demands in teacher
education. The integrated development of the four components of STEM-TC
is essential to prepare students to fulfill the role of primary school teachers in
the context of educational reform and digital transformation.

1.2. Based on six principles—ensuring alignment with training objectives
and program learning outcomes, maintaining a competency-oriented approach
to STEM teaching integrated across disciplines, ensuring suitability to learners
and the developmental stages of primary education students, preserving the
internal coherence and systematic structure of the competency framework,
establishing a strong connection between theoretical foundations and practical
contexts, and ensuring measurability and verifiability, the thesis has developed
a framework for STEM-TC comprising 04 groups of competency components:
(A) general cognitive competency in STEM education at the primary level;
(B) competency in designing teaching plans for STEM topics/lessons at the
primary level; (C) competency in organizing the teaching—learning process for
STEM topics/lessons at the primary level; and (D) competency in assessment
during the implementation of teaching—learning activities for STEM
topics/lessons at the primary level.

1.3. Based on the structure of STEM-TC, the study proposed a teaching—
learning process and three pedagogical measures, including: (1) situation-
based teaching, (2) experiential learning, and (3) technology-enhanced
teaching, aimed at the integrated development of all four groups of
competency components within STEM-TC.

1.4. Developing an assessment toolkit for evaluating STEM-TC of students
majoring in Primary Education.

1.5. Developing a system of instructional resources to support the
organization of teaching—learning activities aimed at developing STEM-TC
for students in Biology-related topics at the primary level, thereby ensuring
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the feasibility and effectiveness of the proposed measures. The system of
instructional resources includes: (1) self-study materials, (2) a system of
exercises, and (3) teaching modules.

1.6. Conducting the pedagogical experiment: The pedagogical experiment
was conducted at 03 primary teacher-training institutions: University of
Education — Hue University, Saigon University, and Can Tho University with
a total of 359 students across six classes. The results indicate that students
demonstrated positive development in the group of general cognitive
competency in STEM education and in the group of competency in designing
teaching plans for STEM topics/lessons. Competency in organizing teaching—
learning activities and in assessment during the implementation of STEM
topics/lessons also showed improvement; however, further guidance and
practice are still required. Both quantitative and qualitative findings highlight
the supportive role of technology in providing feedback, generating ideas, and
enhancing students’ self-directed learning capacity. At the same time, the role
of lecturers remains a critical factor in guiding, validating, and contextualizing
these technological supports within specific classroom settings.

1.7. Applicability and practical value: The dissertation provides a
comprehensive model that can be directly applied in the training of students
majoring in Primary Education, thereby contributing to the development of
professional competencies required for the implementation of STEM teaching
tasks. The integration of pedagogical measures, instructional support
materials, and direct guidance from lecturers ensures feasibility, effectiveness,
and alignment with contemporary trends in teacher education.

In summary, the thesis has successfully accomplished its research
objectives by developing a framework for STEM-TC, proposing measures for
its development, and empirically validating their effectiveness through
pedagogical experimentation. Furthermore, it identifies essential principles,
conditions, and pedagogical strategies necessary for fostering this competency
among students majoring in Primary Education.

2. Recommendations

Based on the research findings, the following recommendations are
proposed to enhance the effectiveness of developing STEM-TC and to orient
future research directions:
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2.1. Further experimental implementation of measures for developing
STEM-TC for preservice primary education teachers should be conducted on
a broader scope and at a larger scale across various teacher education
institutions. This would allow for a more rigorous verification of effectiveness,
result stability, and the reliability of the research conclusions.

2.2. Conditions should be created to enable preservice teachers to
participate more extensively in teaching practicum activities and to directly
implement STEM topics/lessons with primary school pupils, thereby
strengthening authentic practical experience rather than limiting practice to
simulated instructional situations.

2.3. Longitudinal studies should be encouraged to examine the sustainable
development of STEM-TC and its applicability after preservice teachers enter
the teaching profession. Such studies would contribute to the further
refinement of the STEM-TC framework and to the improvement of the quality
of primary teacher education.

2.4. Further research should be conducted to develop in-depth instructional
guidelines on the use of artificial intelligence in STEM teaching practice at the
primary school level.
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